Quadrature Decoder/Counter
Interface ICs

Technical Data

n digital elosed loop motion
conirol systerns and digital data

nput systems. It dees this by
shifting time intensive guadrature
deceder functions to 3 cost
effective hardwane solution. The
entire HCTL-200, family con-
sists of @ &x quadrature decoder,
3 binary up/dowin stste counter,

and an B-bit bus interface. The
use of Schmitt-triggered CMOS
inputs and input noise fiters
gliows reliable operation in noisy
environments. The HCTL-2000
contains a 12-bit counter. The
HCTL-2016 and 20210 contain a
18-bit counter. The HCTL-2020
also contains guadrature decoder

output signals and cascade
signals fior use with many

standard counter [Cs. The HCTL-

20X famity provides LSTTL
compatible tristate cutput
buffers. Operation is specified for
a temperature rangs from -41 o
#85 ¥ 5t chock frequencies up to

14 MHz.

HCTL-2000
HCTL-2016
HCTL-2020
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The HCTL-2000, 2013, 2020 ars
CMOS ICs that perform the
guadrature decoder, counter, and
bus interface function. The
HCTL-20XX family is designed to
improve system performance

= Interface Quadrature
Incremental Encoders to
Microprocessars

= Interface Digital Potentiom-
eters to Digital Data Input

= Substantially Reduced
System Software

Buses
Devices
Part Numbsr Description Package Drawing
HCTL-2000 12-bit counter. 14 MHz clock operation. A
HCTL-2018 Al features of the HCTL-2000. 16-bit cownter. A
HCTL-2020 Al features of the HCTL-2018. Quadrature decoder output B
signals. Cascade output signals.
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Operating Characteristics
Table 1. Absolute Maximum Ratings

(Al voltages below are referenced to WV ES)
Parameter Symbol Limits Units
OC Supply Violtage Voo 0.3t +5.5 W
Input Voltage Vi D2tV g 403 W
Storage Temperature Ta -40 to +125 C
Operating Temperaturs TN -40 to #85 =
Table 2. Recommended Operating Conditions
Parameter Symbol Limits Units
OC Supply Violtage Voo #2510 +5.5 W
I Ambient Tempersture Ta 40 to <35 C




Table 3. DC Characteristics V

oo =5V SN T.=-40w85 0"

Functional Pin Description

Symbol Parameter Condition Min. Typ. Max_ Unit Table 4. Functional Fin Descriptions
v ® Low-Level Input Voltage 1.5 W J Fin [J Fim
- Symbol 2000020158 202 Descript
Wiy E High-Level Input Voltage 35 ym Eenpron
, . . . Voo 18 20 Powier Supply
W Schmitt-Trigger Positive- 3.5 4.0 W
Going Threshokd Vaz 2 10| Greund
Ve Schmitt-Trigger Negative 10 18 ) CLK 2 2 CLK is a Schriti-trigger input for the external clock signal.
Going Threshold CHA 7 g CHA and CHB are Schmitt-trigger inputs which accept the outputs
. . . _ CHE 5 2 from a quadrature encoded source, such as incremental optical shaft
Vi Schmith-Trigger Hysteresis 1o 2.0 Y encader. Two channels, A and B, nominally 90 degrees out of phass,
I nout Currant Wi =Wes orVoo -10 1 +10 e are required.
Wi = High-Level Qutput o -1.6mA 24 45 W RST 5 7 This sctive low Schmitt-trigger input clears the internal pesition R
\oltage counter and the position katch. It also resets the inhibit lagic. R5T is
- asynchronous with respect to any other input signals.
VoL Low-Level Output oL =45 mA 0.z 0.4 W —
Voltsge Qe 4 4 This CMOS active low input enables the tri-state output buffers. The
OE and SEL inputs are sampled by the intermal inhibit logic on the
oz High-Z Cutput Leakaga Vp=VesorVoo -10 1 +10 Ba falling edge of the clock to contrel the loading of the internal positicn
Current data latch.
oo Qusescent Supply Current W =VWes orVoo Vo =HIZ 1 5 Fa SEL 3 3 This CMOS input directly controls which data byte from the position
- nout Capaciance Arvw Inout = e latch is enalbed into the 2-bit tri-state output buffer. As in OE above,
i L ¥ 5SEL alse controls the internal inhibit logic.
Cour Qutput Capacitance Any Ouiput ] pF SEL EYTE SELECTED
Hotes: i) High
1. Frag alr.
I.Ingeneral for any W o Dabwean the sllowsble Imits (+4.5 W10 5.5 W), W LomDEW op 3NAW o = DTY g IpICE vElES 3rE 1 Low
Vo =Wgg "IEVEI o =-0MandV g Vg *IIVEI o =tEmA
3. Incuging package capachznce CHNT peza 16 A pulse is presented on this LSTTL-compatible output when the
quadrature decoder has detected a state transition.
o 5 This LSTTL-compatible output allows the user to determine whether
the I1C is counting up or down and is intended to be used with the _
o CNT pcor and GNT  cag cutputs. The proger signal U thigh level) or O
{low lewel) will be present before the rising edge of the CNT poos &nd
=T A / CNT gaz outputs.
CNT zaz 15 A pulse is presented on this LSTTL-compatible output when the
HCTL-2020 internal counter overflows or underflows. The rising edge
Figuns 1 Fesst Vet on this waveform may be used to frigger an extemal counter.
(1] 1 1 These LSTTL-compatible tri-s@te cutputs form an 3-bit cutput port
o 15 12 throwgh which the contents of the 12/18-bit position latch may be read in
- 2 sequential bytes. The high byte, containing bits 8-15, is read first {on the
- 02 14 18 | HCTL-2000, the maost significant 4 hits of this byte are setto O internaliy).
G AL 7) " o3 13 17 | The lower byte, bits 0-7, is read second.
L / 153 ,r" o4 12 14
) a2z} 11 13
W
— — [wia) 10 12
Ooa
@ ) MC i Mot connected - this pin should be Ieft floating.




Switching Characteristics

Table 8. Switching Characteristics Min/Max specifications at v

o =50 5% Ta=-40to+85C7

Symbol Description Min. Max. Units

1 | tow | Clock period 70 ns
foH- Pulse width, clock high 28 ns

tom Delay time, rising edge of clock to valid, updated count 65 ns

information on DO0-7
4 toos Delay time, cﬁ| to wvalid dats &5 ns
5§ | tooz | Delaytime, OE rise to Hi-Z state on DO-7 40 ns
i] taoy Delay time, SEL valid to stable, selected data byte &5 ns
| (delay to High Byte = delay to Low Byle)

7 tok Pulse width, clock low 28 ns
g | tzz™ | Setup fime, SEL before clock fall 20 ns
g | tez® | Satup time, OF before clock fall 20 ns
10 tzn & Hold time, SEL sfter clock fall 1] ns
1| tod = | Hoild time., Dater clock fall 1] ns
12 1RET Pulse width, RST how 28 ns
13 toco Hold time. last position count stable on DO-T after clock rise 10 ns
14 | tpsp | Hold time, last data byte stable after next SEL siate change 5 ns
15 t oo Hold time, data byte stable after OE r 5&_ 5 ns
16 tuoo Delay time, LD "‘-l'_El d afier clock rise 45 ns
17 | togn | Delaytime, CNT  peops or CNT cas high after clock rise 45 ns
18 too Delay time, CNT  ocoR or CNT cas low after clock fall 45 ns
12 s Held time, LD ;abe after clock rise 10 ns
20 | tupce | Setup time, WD valid before CNT poom Of CNT caz rise tow -45 ns
21 tuocH Hold time, /D ;abe after CHT pcoR or CHT cas nise tow -45 ns
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Operation
A block diagram of the HCTL-

20X family is shown in Figure 6.
The operation of esch major

HETL- 2020 oMLY
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Figune £. Simpified Logic Diegram.

Digital Moise Filter

The digital noise filker section is
responsible for rejecting neis= on
the incoming quadrature signals.
The input section uses two
technigues to implement
improved noise rejection.
Schmitt-trigger inputs and a
three-clock-cycle delay filter
combine to reject low level noise
and large, short duration noise
cpikes that typically occur in
motor system applications. Both
commen mode and diffzrential
mode noise are rejected. The wser
benefits from these technigues by
improved integrity of the data in

the counter. False counts
triggered by noise are avoided.

Figure 7 shows the simplified
schematic of the input section.
The signals are first passed
through a Schmitt trigger buffer
to address the problem of input
signals with slow rise tmes and
low level noise (approximatehy
= 1W). The cleansd up signals
are then passed to 3 fowr-bit
deday filter. The signals on each
channel are sampled on nsing
clock edges. A time history of the
signals is stored in the four-bit
shift register. Any change on the

"Ra—f; GRAOUNDED O SCTL - 2000

nput is tested for 3 stable level
being present for three
consecutive nsing clock edges.
Therefore, the filkered output
waveforms can change only after
an input leve! has the same valus
for three consecutive rising clock
edges. Refer to Figure 8 which
shows the timing diagram. The
result of this circuitry is that

short noise spikes betwesn rising
clock edges are ignored and
pulses shorter than two clock
perieds are rejectsd.
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Figere & Signal Propagaton through Cighal Nokse FRer.

Cuadrature Decoder

The quadrature decoder decodes
the incoming filtered signals into
count information. This circustry
multiplies the resolution of the
input signals by a factor of four
(4X decoding). When using an
encoder for motion sensing, the
user benefits from the increased
resalution by being able to
provide betber system control.

The quadrature decoder samples
the cutputs of the CHA and CHE
fiters. Based on the past binary
state of the two signals and the
present state, it outputs 3 count
signal and a direction signal to

the intemnal position counter. In
the case of the HCTL-2020, the
signals also go to extemal pins 5
and 18 respectively.

Figure 9 shows the quadrature
states and the valid state transi-
tions. Channel A keading channs!
B results in counting up. Channel
8 leading channel A results in
counting down. legal state
transitions, caused by fauly
encoders or noise severe enough
to pass through the filser, will
produce an ermonsous count.

Design Conziderations

The designer should be sware

that the operation of the digial

filter places a timing constraint

on the relationship betwesn
ncoming quadrature signals and
the extemal clock. Figurs 8

shows the tirming waveform with

an incremental encoder imput.

Since an input has to be stable

for three rising chock edpges, the

encoder pulse width (t - -lowor
high) has to be greater than three

clock periods (3t ook ). This

guaranteses that the asynchroncus
nput will be stable during three

consacutive nsing clock edges. A
realistic design also has to ke



